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ABSTRACT 
The purpose of this retrospective study was to quantify and establish the 
magnitude and direction of the change in the accommodative and convergence 
index scores measured in visual training patients treated at the Pacific 
College of Optometry clinics to determine if the results were statistically 
significant. Professor Haynes' Normative Case Analysis program for the 
Macintosh computer was used to calculate pre and post Ai and Ci scores for 
non-strabismic, non-amblyopic patients who had completed a program of vi-
sion training. We found that ninety percent of patients who underwent vision 
training showed a statistically significant change in one or both of their in-
dex scores. These findings compared extremely well with a similar study 
done thirteen years earlier. 
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INTRODUCTION 
The purpose for this retrospective study was to determine the change, if 
any, in the accommodative and convergence index scores of patients who had 
undergone vision training (VT) therapy at Pacific University College of 
Optometry (PUCO) Vision Training Clinics. We wanted to acquire additional 
experience with the Normative Case Analysis Program as developed for the 
Macintosh Computer. 
Previous studies required hand calculation to determine individual in-
dex scores. Similar studies using the Normative Case Analysis scoring sys-
tem (NA) were conducted by Harvey Bonner1 in 1975 and Campagna and Mjelde 
in 1977. Campagna and Mjelde In their titled thesis "Reliability Studies for 
Normative Analysis Scoring System," found that their 18 patient test group's 
index scores were shifted towards improved accommodative and convergence 
performance at the p=.OOS level.2 In an additional study conducted by Dick 
Snyder and Paul Kohl titled "Normative Analysis: A Method for Determining a 
Need for and Verifying in Accommodation and Convergence Visual Training 
Cases", they found that their 30 patient population who underwent VT at a 
private practitioners' office when compared to a comparatively similar non-
VT group had an increase in their Ai and Ci scores at the p=.005.3 
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METHODS 
This was a retrospective study wherein VT files from the Pacific 
University College of Optometry Forest Grove and Portland Family Vision 
Center clinics were utilized. VT files from the years 1986 through 1989 
were hand searched for patient records meeting specific criteria. These 
were: 1) That the patient be non-stabismic, non-amblyopic. 2) That he/she 
received a pre-VT evaluation that included an OEP 21 point analytical exam. 
3) That he/she received a like exam upon completion of a minimum of five VT 
sessions. No restrictions as to the age or sex of the patients were made. 
A computerized NA was run on the pre and post VT analytical exam for 
each patient. This was done with a Macintosh Plus computer and the NA pro-
gram version f written by Professor Haynes on Microsoft Excel 2.2.4 The 
subsequent results were then statistically compared to empirically derived 
population norms for the accommodative and convergence test results. The 
system assumes that individual findings falling in quartiles 2 and 3 are 
"normal". This is an arbitrary standard. The range is described to be .6745 
times the standard deviation or the Probable Error (PE) of the distribution. 
The test finding is considered normal if it falls within +1- 1 PE. To further 
define normalcy the test finding is the converted in the standard score by the 
following formula: (Finding-Mean)/PE. The individual standard scores are 
classified as Type I and Type II. They relate the relative hypo or hyper 
performance of the individuals' accommodative and convergence system 
under each testing situation. Type I findings range from inferior to normal to 
superior. Type II range from hyporesponsive to normal to hyperactive. This 
standard score is then converted into a point score for each of the specific 
test results used. It is these point scores which when taken in conjunction 
with the other accommodative or convergence test results will relate the 
relative performance of the individuals into a single score referred to as the 
index score. This composite index score provides an overall profile of per-
formance contributed by several analytical tests rather than a dependence of 
a single finding. The expected ranges for the index scores are: 
Accommodative index (Ai) = 28.80 S= 3.93, Convergence index (Ci) = 29.93 S= 
4.25.5 The change of the individuals Ai or Ci score > 4 points is considered to 
be a statistically significant change at approximately P=.05 confidence level 
for 2 successive exams by the same examiner. 6 This 4 point shift in the 
individuals index scores relates how the singular findings are collectively 
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contributing toward a trend of either improved or decrease accommodative or 
convergence performance. The NA summary sheets were printed and stored 
to 3.5" floppy disks for each case. 
In our retrospective study, the data was collected from previous patients 
files who have been released from PUCO Visual Training (VT) program at ei-
ther the Portland or Forest Grove VT clinics. This data included results of 
accommodative and convergence finding from the 21 point OEP exam format. 
In limited cases, the initial and final clinician conducting the testing were 
same. In light of this fact, the question of interclinician reliability of the 
data issue comes into focus. According to the 1977 "Reliability Studies 
for Normative Analysis Scoring System" by Campagna and Mjelde, they found 
that when a battery of tests which included standardized instructions, by the 
4th year Optometry interns, no statistically significant difference existed 
at the P= .05 level of significants.7 
Originally sixty-four patient records were extracted but in the course of 
the study fourteen of these records were eliminated due to incorrect or in-
sufficient data recording on the part of the interns. 
In general the final VT progress exam or one month post VT exam was 
used to calculate the post VT index scores with three exceptions ( cases 
KK,CBe, and NJ) where six month post VT exams were used. For phoria tests 
where a range was recorded the midpoint of that range was entered in the 
computer. The nets for the 14a and 14b were calculated using the net 
findings for all cases and the net PRA and NRA findings were calculated using 
the binocular findings. 
The pre and post Ai and Ci scores were tabulated on a spread sheet writ-
ten on Microsoft Excel 2.2 and evaluated statistically (mean, standard devia-
tion, variance, Chi-Square and paired t-tests) with the use of Stat View 
512+ and Microsoft Excel 2.2. 
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RESULTS 
The results of this study are displayed principally on the Normative Data 
Sheets (Tables 1 - 3) on columns B through P. 
A B c D E F G H J K l M N 0 p 
1 PT. ICE M F # Ses. fG PVC OX AI 1 Ai 2 DELTA Ai Cl 1 Ci 2 DELTACl Ch>4 Choe:4 
2 N#. 10 1 11 1 AI 20.90 31.80 10.90 12.60 35 .20 22.60 2 
;J HI u 0:1 lJI ~4.UU ~~.uu O:I.UU • I U ~~. u ~u.uu ~ 
4 JB 9 1 14 1 GBO 22.00 36.00 14.00 15 .00 33 .30 1a. 30 2 
5 I>F 29 1 1 2 1 Cl 29.10 36.40 7 .3 0 20 .00 38.10 1 a. 1 o 2 
6 BRo 13 1 1 5 1 Dl 23.60 30.00 6.40 18.50 36.50 18.00 2 
7 NO. 26 1 8 1 CE 21 .80 25.00 3.20 18. 60 35 .00 16.40 1 
8 Jt' ~0 14 <.;I ;JU.\lU ;J .;JU 0 .40 111.ou ;J4 .1lU 6 .2 0 
9 JHu 8 1 25 1 Cl 24.50 30.00 5.50 20 .00 35 .4 0 15.40 2 
1 0 BW 8 1 9 1 AICI 23.00 22.00 -1.00 21 .4 0 36.50 15 .10 1 
1 1 KL 10 1 7 1 GfO 29.10 . 32.70 3 .60 19.40 34 .50 15.10 1 
1 2 KD 1 5 1 1 7 1 NPS 20.90 31.80 10.90 23.00 36 . 70 13.70 2 
1 3 RyB 10 1 5 1 Cl 34.50 35.50 1.00 16.70 29 .10 12.40 1 
1 4 KK 13 1 1 a 1 CE 20.00 20.90 0.90 16.70 2a .60 11 .90 1 
1 5 MLa 25 1 5 1 Cl 18.00 31.00 13.0 0 22.60 34.20 11.60 2 
1 6 TJ 9 1 18 1 CE 24 . 50 32 . 70 a.20 25.60 37 .10 11 .50 2 
1 7 JC 1 5 1 1 a 1 CIAI 13.00 37.00 24.00 16.90 28.40 , . 50 1 
1 8 C8e 1 2 1 12 1 GBO 24.00 28.00 4.00 12. 50 23.80 11.30 2 
1 9 PK 8 1 13 1 GBO 29.00 38.00 9 .00 20.00 31 .10 1 1 . 1 0 2 
2 0 TF 24 1 14 1 CE 23.30 28.60 5.30 25 .00 35 .60 10.60 2 
2 1 s:; 11 1 15 1 GBDCI 29.10 29.00 -0.10 11 .5 0 22.10 10.60 1 
2 2 NJ 19 1 15 1 GfO 15.50 28.00 12 .5 0 20 .0 0 30.50 10.50 2 
2 3 MH 17 1 16 1 CE 24.50 21.80 -2.70 21.20 31 .4 0 10 .20 1 
24 UK \j 4 1 l.>tsU,AI ~;J . UU 32.70 \l. fU 1 O:I . UU ~tl.UU O:I . UU ~ 
2 5 JM 24 1 15 1 CE 10.00 29.10 19.10 24.30 33.30 9.00 2 
26 JMa 1 1 1 17 1 CEAI 33.00 31.00 -2.00 26.10 34.80 a. 10 1 
27 KB 17 1 11 1 GBO 30.00 36.00 6 .00 27.50 36 .00 8 . 50 2 
2 6 JG 39 1 9 1 GBD,CI 31 . 80 32.70 0 .90 26 . 50 35 .00 8.50 1 
29 lC 1 3 1 1 4 1 DE 21.80 17.00 -4.80 21.20 29.50 8.30 1 1 
3 0 JLe 41 1 1 9 1 CE 24.50 27. 30 2 . 80 24.80 32.50 7.70 1 
3 1 MW 1 1 1 9 1 GfO 30.00 28.20 ·1 . 80 20 .00 27 .30 7 .30 1 
3 2 CBi 1 2 1 1 2 1 Cl 24.50 29.00 4.50 27.50 34.70 7.20 2 
3 3 JE 1 0 1 10 1 Cl 24.50 37.1 0 12.60 24.50 31,70 7.20 2 
3 4 MLa 9 1 10 1 Cl 14.30 24.50 10.20 21.70 28 .90 7.20 2 
3 5 RBI 1 1 1 1 7 1 A Ins 7 .00 30.00 23.00 25 .20 32 .30 7 .10 2 
3 6 KBa 10 1 27 1 GBO 19.10 31.80 12.70 26 .80 33 .80 7.00 2 
3 7 JJ 23 1 10 1 AICI 28.00 35.50 7.50 29.10 35.90 6 .80 2 
3 8 88 7 1 14 1 AI 15.70 32.00 16.30 23.90 30 .00 6.10 2 
39 EN 11 1 8 1 GBO 24.50 25 .50 1.00 26 .00 32 .00 6.00 1 
4 0 JKR 29 1 14 1 AICI 17.50 20.90 3.40 24 .30 29.60 5.30 1 
4 1 LC 10 1 15 1 G80 27.30 30.00 2. 70 22.10 27 .40 5 .30 1 
42 G.. 11 1 7 1 GBO 25.50 27.00 1.50 20 .80 25 .30 4 .50 1 
4 3 LS 12 1 10 1 GBO 17.30 30.00 1 2. 70 26 .00 30.00 4.00 2 
44 MM 34 1 9 1 CE 27.30 32.20 4.90 30.00 31 .70 1.70 1 
45 _HW_ 1 1 1 1 u 1 lii:LI 20.\lU 18.60 -2.30 25 . 50 26.70 1 .20 
4 6 TB 7 1 15 1 G8D 22.70 24.00 1 .30 27.00 27.60 0 .60 
47 PGA 11 1 6 1 Cl 24.50 29.10 4.60 28 .20 27.60 -0.60 1 
4 6 VK 40 1 9 1 Cl 20.00 20.00 0.00 32.90 32 .10 -0.80 
49 ffi 1 2 1 10 1 CE 30.00 30.90 0.90 27.50 26.70 - 0.80 
50 OS 8 1 9 1 G8D 20.00 34.50 14.50 23 .30 22.10 -1.20 1 
5 1 lS 9 1 1 5 1 G8D 31 .80 28.20 -3 . 60 28 .10 24.50 -3 . 60 
~ 53 f;.vAae # M#F Av#Se #FG #PFV Av Ai 1Av 12 AvCh Ai AvCi 1 Av Cl2 AvCh Ci #'>4 #'<:4 
54 N- 50 25125 50 22 28 50 50 50 50 50 50 50 45 1 
55 M= 15.58 ~ 23.43 29.51 6.07 22.45 31.44 8 .99 1.53 1 56 Stdev- 9.10 ~ 5.86 5.05 6. 72 4. 74 4.15 5 .90 0. 50 ## 57 Min- 7 5 7 1 7 -4 . 8 11 .5 22 . 1 -3.6 1 1 
58 Max= 41 -t7 34.5 38 24 32 .9 38.1 22.8 2 1 
59 SEm= 1.30 '"""t.6"5 0.84 0. 72 0.96 0.68 0 .59 0 .84 0. 08 ## 
Table 1 
1 0 
Description of items in columns of Tables 1-3: 
A) Patient file reference code. 
B) Patient age. 
C) One denotes a male patient. 
D) One denotes a female patient. 
E) Number of VT clinic sessions attended. 
F) One denotes patient of Forest Grove clinic. 
G) One denotes patient of Portland clinic. 
H) Diagnosis codes. 
I) Pre Ai scores. 
J) Post Ai scores. 
K) Change in Ai score. (Post-Pre) 
L) Pre Ci score. 
M) Post Ci score. 
N) Change in Ci score. (Post-Pre) 
0) Number of indices which improved by 4 points. 
P) Number of indices which declined by 4 points. 
Totals, averages, standard deviations, minimums, maximums, and stan-
dard errors of the mean are displayed on lines 54 thru 59 for the appropriate 
columns. The mean age for the patients was 15.6 years with a range from 7 
to 41 years. There was equal distribution among the sexes with 25 male and 
25 female patients. The average number of sessions was 12.9 with a range 
from 5 to 27. Twenty-two of the patients were seen at the Forest Grove 
clinic and 28 were seen at the Portland facility. 
Means: Pre Ai = 
Post Ai = 
Change= 
Pre Ci = 
Post Ci = 
Change= 
23.43 
29.51 
6.07 
22.45 
31.44 
8.99 
1 1 
A B c 0 E F G H I J K L M N 0 p 
1 PT. IG:. M F # Ses. IG f'\oC DX Ai 1 Ai 2 DELTA Ai Ci 1 Ci 2 Df:LTACi Ch>4 Ch<4 
2 RBi 1 1 1 17 1 Alns 7.00 30.00 23.00 25.20 32.30 7.10 2 
3 JM 24 1 15 1 <E 10.00 29.10 19.10 24.30 33.30 9.00 2 
4 JC 1 5 1 1 8 1 CI,AI 13. 00 37 .00 24.00 16 .90 28.40 11.50 1 
5 Mla 9 1 10 1 Cl 14 . 30 24.50 10.20 21.70 28.90 7.20 2 
6 NJ 19 1 15 1 GBJ 15. 50 28.00 12 .50 20.00 30.50 10.50 2 
7 BB 7 1 14 1 AI 15. 70 32.00 16 .30 23.90 30.00 6.10 2 
8 L.S 12 1 10 1 GBJ 1 7.30 30 .00 12 . 70 26.00 30 .00 4.00 2 
9 JKR 29 1 14 1 AICI 1 7. 50 20.90 3 .40 24 .30 29.60 5.30 1 
1 0 Mlg 25 1 5 1 Cl 18 . 00 31 .00 13.00 22.60 34.20 11.60 2 
1 1 KBa 10 1 27 1 GD 19.10 31 .80 12 . 70 26.80 33.80 7.00 2 
1 2 KK 13 1 1 8 1 <E 20 .00 20 .90 0.90 16 . 70 28.60 11 .90 1 
1 3 VK 40 1 9 1 Cl 20 . 00 20 .00 0.00 32.90 32.10 -0.80 
1 4 [B 8 1 9 1 GBJ 20.00 34 .50 14 .50 23.30 22.10 -1.20 1 
1 5 AMA 1 0 1 11 1 AI 20 . 90 31 .80 10 .90 12.60 35.20 22 .60 2 
1 6 KD 15 1 1 7 1 NPS 20 .90 31.80 10 .90 23 .00 36.70 13.70 2 
1 7 RW 11 1 10 1 GD 20.90 18 .60 -2.30 25.50 26.70 1.20 
1 8 N<\ 26 1 8 1 <E 21.80 25.00 3.20 18.60 35.00 16.40 1 
1 9 1C 1 3 1 1 4 1 CE 21 . 80 17 .00 -4.80 21.20 29 .50 8.30 1 1 
2 0 JB 9 1 14 1 GD 22 . 00 36.00 14 .00 15.00 33.30 18.30 2 
2 1 TB 7 1 15 1 GD 22.70 24 .00 1.30 27.00 27.60 0.60 
2 2 BW 8 1 9 1 AICI 23 .00 22 00 ·1 .00 21.40 36.50 15.10 1 
2 3 OK 9 1 14 1 GBD,AI 23 . 00 32 . 70 9 . 70 19.00 28 .00 9 .00 2 
2 4 TF 24 1 14 1 <E 23.30 28.60 5.30 25.00 35.60 10.60 2 
2 5 BRo 13 1 15 1 01 23.60 30.00 6.40 18.50 36.50 18.00 2 
2 6 AT 10 1 19 1 Cl 24.00 33.00 9.00 17.10 37.10 20.00 2 
27 CSe 1 2 1 12 1 GD 24 .00 28 .00 4 .00 12 .50 23 .80 11.30 2 
28 JHu 8 1 25 1 Cl 24.50 30 .00 5.50 20.00 35.40 15.40 2 
2 9 TJ 9 1 16 1 <E 24.50 32.70 8 .20 25.60 37.10 11.50 2 
3 0 MH 17 1 1 6 1 <E 24 . 50 21 .80 -2 . 70 21 . 20 31.40 10 .20 1 
3 1 Jle 41 1 19 1 <E 24.50 27 .30 2 .80 24.80 32.50 7.70 1 
3 2 CBi 12 1 1 2 1 Cl 24.50 29 .00 4.50 27.50 34.70 7.20 2 
3 3 JE 10 1 1 0 1 Cl 24.50 37.10 12.60 24.50 31.70 7.20 2 
3 4 EN 1 1 1 8 1 ffi 24.50 25 .50 1.00 26 . 00 32.00 6 .00 1 
3 5 K:A. 11 1 6 1 Cl 24.50 29 . 10 4 . 60 28.20 27.60 ·0.60 1 
3 6 a. 11 1 7 1 GD 25.50 27.00 1.50 20.80 25.30 4.50 1 
3 7 L.C 10 1 1 5 1 GD 27 . 30 30 .00 2 . 70 22.10 27.40 5.30 1 
3 8 MM 34 1 9 1 <E 27.30 32.20 4 . 90 30 .00 31.70 1. 70 1 
3 9 JJ 23 1 10 1 AICI 28.00 35.50 7.50 29.10 35.90 6.80 2 
4 0 PK 8 1 1 3 1 GD 29 . 00 38 . 00 9.00 20.00 31.10 11.10 2 
4 1 />f 29 1 1 2 1 Cl 29 . 10 36.40 7. 30 20.00 38.10 18.10 2 
42 KL 1 0 1 7 1 GD 29 . 10 32 .70 3 . 60 19.40 34.50 15.10 1 
43 ~ 1 1 1 15 1 GBOCI 29.10 29 . 00 -0.10 11 .50 22.10 10.60 1 
44 KB 1 7 1 11 1 GD 30 .00 36.00 6.00 27.50 36.00 8.50 2 
45 MW 1 1 1 9 1 GD 30 . 00 28 .20 -1 .80 20.00 27 .30 7 .30 1 
46 ffi 12 1 10 1 <E 30 . 00 30 .90 0 . 90 27.50 26.70 ·0.80 
4 7 JP 26 1 14 1 Cl 30.90 31.30 0.40 18.60 34.80 16.20 1 
4 8 J3 39 1 9 1 GBOCI 31 .80 32 . 70 0 . 90 26.50 35.00 8.50 1 
4 9 lS 9 1 15 1 GD 31 .80 28 . 20 -3 .60 28 . 10 24 .50 -3 .60 
50 JMa 11 1 17 1 CEAI 33.00 31 .00 ·2.00 26.10 34.80 8. 70 1 
51 RyB 10 1 5 1 Cl 34 .50 35 .50 1 .00 16.70 29.10 12.40 1 
4 53 Avf'.lle # M#F Av#Se #FG #PFVI Av Ai 1 Av Ai 2 Av Ch Ai Av Ci 1 Av Ci 2 AvCh Ci #•>4 #•<4 
54 N- 50 25125 50 2 2 I 2 8 I 50 50 50 50 50 50 50 45 1 
55 M -1 5.58 112.86 23.43 29 . 51 6.07 22.45 31 .44 8.99 1.53 , 
56 Stdev= 9 . 10 ~ 5 . 8 6 5 .05 6. 72 4 . 74 4 .1 5 5.90 0 . 50 ## 57 Min- 7 5 7 1 7 - 4. 8 11 . 5 22.1 -3 . 6 1 1 
58 Max= 41 ~ 34 . 5 38 24 32.9 38.1 22.6 2 1 
59 SEm= 1.30 r-t.i5 0 . 84 0.72 0.96 0 .68 0.59 0.84 0. 0 8 ## 
Table 2 
Table 2 shows the data arranged in ascending order of Pre Ai scores (column 
I) and Table 3 in ascending order of Pre Ci scores (column L) . 
1 2 
A B c D E F G H I J K L M N 0 p 
1 PT. K£ M F # Ses. R3 PVC DX Ai 1 Ai 2 DELTA Ai Ci 1 Ci2 DELTACi Ch>4 Ch<4 
2 s:; 1 1 1 1 5 1 GBD,CI 29.10 29 .00 -0 . 10 11.50 22.10 10.60 1 
3 CEe 1 2 1 1 2 1 GBD 24.00 28.00 4.00 12.50 23.80 11.30 2 
4 AMA 1 0 1 1 1 1 AI 20 .90 31 .80 10 .90 12.60 35.20 22 . 60 2 
5 JB 9 1 1 4 1 GBD 22.00 36.00 14.00 15.00 33.30 18.30 2 
6 RyB 1 0 1 5 1 Cl 34.50 35.50 1.00 16.70 29.10 12.40 1 
7 KK 1 3 1 18 1 a: 20 .00 20.90 0 .90 16 .70 28 .60 11.90 1 
8 JC 1 5 1 18 1 Cl AI 13.00 37 .00 24.00 16.90 28.40 11.50 1 
9 RT 10 1 19 1 Cl 24 .00 33 .00 9 .00 17.10 3 7 .10 20 . 00 2 
1 0 BRo 1 3 1 1 5 1 Dl 23 .60 30.00 6.40 18.50 36.50 18.00 2 
1 1 No\ 26 1 8 1 U:: 21 .80 25.00 3.20 18 .60 35.00 16.40 1 
1 2 JP 26 1 14 1 Cl 30.90 31.30 0.40 18.60 34.80 16.20 1 
1 3 DK 9 1 1 4 1 GBDAI 23 .00 32 .70 9 .70 19 .00 28.00 9 .00 2 
1 4 KL 1 0 1 7 1 GBD 29 . 10 32 .70 3.60 19 .40 34.50 15.10 1 
1 5 _PF _29 1 1 2 1 (.;I 29.10 36.40 7 .30 ~0 . 00 38.10 18.10 2 
1 6 JHu 8 1 25 1 Cl 24.50 30 .00 5 .50 20 .00 35.40 15.40 2 
1 7 PK 8 1 1 3 1 GBD 29 .0 0 38 .00 9.00 20.00 31.10 11.10 2 
1 8 NJ 1 9 1 1 5 1 GBD 15 .50 28.00 12.50 20.00 30 .50 10 . 50 2 
1 9 Mw 1 1 1 9 1 GBD 30.00 28.20 -1 .80 20 .00 27.30 7.30 1 
20 G.. 1 1 1 7 1 GBD 25.50 27.00 1 . 50 20 .80 25 .30 4.50 1 
2 1 MH 17 1 1 6 1 CE 24 .50 21.80 -2 .7 0 21.20 31.40 10.20 1 
2 2 1C 13 1 1 4 1 CE 21.80 17 .0 0 -4.80 21 .20 29 . 50 8.30 1 1 
23 BW 8 1 9 1 AI,CI 23 .00 22.00 -1.00 21.40 36.50 15.10 1 
24 MLa 9 1 1 0 1 Cl 14.30 24.50 10 .20 21.70 28.90 7 .20 2 
2 5 LC 1 0 1 1 5 1 GBD 27.30 30.00 2.70 22.10 27.40 5.30 1 
2 6 Mlq 25 1 5 1 Cl 18.00 31 .00 13 .00 22.60 34.20 11 .60 2 
2 7 KD 1 5 1 17 1 NPS 20 .90 31 .80 10 .90 23 .00 36.70 13 .70 2 
28 [.:6 8 1 9 1 c:BD 20.00 34 .50 14.50 23 .30 22.10 -1 .20 1 
29 BB 7 1 14 1 AI 15.70 32.00 16 .30 23.90 30.00 6.10 2 
3 0 JM 24 1 1 5 1 CE 10.00 29.10 19.10 24 .30 33.30 9.00 2 
3 1 JKR 29 1 14 1 AI ,CI 17 .50 20.90 3.40 24 .30 29.60 5 .30 1 
32 JE 1 0 1 10 1 Cl 24.50 37 .10 12 .60 24.50 31.70 7.20 2 
33 Jle 41 1 1 9 1 CE 24.50 27 .30 2.80 24 .80 32.50 7.70 1 
34 Tf 24 1 1 4 1 CE 23.30 28 .60 5 .30 25 .00 35 .60 10.60 2 
35 RBi 1 1 1 17 1 A Ins 7.00 30 .00 23.00 25.20 32.30 7.10 2 
36 RW 1 1 1 1 0 1 (.:H) 20 .90 18 .60 -2.30 25.50 26.70 1.20 
3 7 TJ 9 1 16 1 CE 24.50 32.70 8 .20 25.60 37.10 11.50 2 
38 EN 1 1 1 8 1 GBD 24 .50 25 .50 1 .00 26 .00 32.00 6.00 1 
39 LS 12 1 1 0 1 GBD 17.30 30.00 12 .70 26 .00 30 .00 4.00 2 
4 0 JMa 1 1 1 1 7 1 CE,AI 33 .00 31 .00 -2.00 26 . 10 34.80 8.70 1 
4 1 J3 39 1 9 1 GBDCI 31 .80 32 .70 0 .90 26 . 50 35.00 8.50 1 
42 KBa 1 0 1 27 1 GBD 19.1 0 31 .80 12.70 26 .80 33.80 7 .00 2 
4 3 TB 7 1 1 5 1 GBD 22.70 24 .00 1 .30 27 .0 0 27 .60 0.60 
4 4 KB 1 7 1 1 1 1 GBD 30 .00 36.00 6.00 27 .50 36.00 8.50 2 
4 5 CBi 1 2 1 1 2 1 Cl 24 .50 29 .00 4.50 27.50 34.70 7 .20 2 
4 6 SR 1 2 1 10 1 CE 30.00 30.90 0 .90 27 . 50 26.70 -0.80 
4 7 TS 9 1 1 5 1 GBD 31.80 28 .20 -3.60 28 .10 24 .50 -3.60 
4 8 KA 1 1 1 6 1 Cl 24.50 29 . 10 4.60 28.20 27.60 -0.6 0 1 
4 9 JJ 23 1 1 0 1 AI,CI 28 .00 35 . 50 7 . 50 29 . 10 35.90 6.80 2 
5 0 MM 34 1 9 1 CE 27.30 32 .20 4.90 30 .00 31.70 1. 70 1 
5 1 VK 40 1 9 1 Cl 20 .00 20.00 0.00 32.90 32 .1 0 -0.80 
52 
~ AvAge # IV!# F Av#Se #FG !#PI-VI Av Al1 Av Ai 2Av ChAi Av Ci 1 Av Ci 2A Ch Ci#'>4 #•<4 
54 N- 50 25~5 50 22_1_ 28 I 50 50 50 50 50 50 50 45 1 
55 M= 15 .58 Jk#. 23 .43 29 .51 6.07 22 .45 31.44 8 .99 1 .53 1 56 S1dev= 9 .10 ~ 5 .86 5 .05 6 .72 4 .74 4 .15 5 .90 0 .50 ### 57 Min - 7 5 7 1 7 -4 . 8 11.5 22.1 - 3 . 6 1 1 
5 8 Max= 41 27 34.5 38 24 32 .9 38 . 1 22 .6 2 1 
59 SEm- 1 .30 rQ.tr 0 .84 0 . 72 0 .96 0 .6 8 0.59 0.84 0 .08 ### 
Table 3 
1 3 
The Distribution table (Table 4) displays the number and percent of patients 
whose Ai or Ci or combination of Ai & Ci scores changed significantly in the 
positive or negative direction from pre to post VT. It also displays the num-
ber and percent of index scores that shifted significantly. Ninety percent of 
all patients had a significant positive change in at least one index score and 
69 out of a possible 100 index scores for the entire patient population 
showed a significant positive change. One patient (2% of the population) 
showed a significant negative shift in an Ai index which represents one of a 
hundred index scores calculated. 
A B c 
1 DISTRIBUTION .. Number of Subjects Percent of Subjects 
2 ChanQe in Ai or Ci > 4 45 0.90 
3 Chanae.in Ci >4 42: 0 .84 
4 Chance in Ai>4 27 0.54 
5 t!2_9.b~Q.Qe > 4, .. , .. 5 0 . 1 0 
=! I.- . , _ .. !'1'!1 ;!1' • ~~ ... - .. ·-~~..........-.... 
6 Chanae in Ai > 4 nea,aative 1 0 .02 
7 CQ?ngeJ!l.9i > .. 4 '"~_egative 0 0 . 00 ...._ . !' . l'IJI! 
---..... -·-·. a 
9 Chanoe in Ai & Ci > 4 24 0.48 · 
Chanae .in oniY one score > 4 
.. 
-!H i 
... --...,..,.. 
1 0 2 1 0.42 ' 
' 
1 1 ChaQ.Stif)_Ci only > 4 1 8 0.36 
::;,;~· - .. ~~ 
1 2 Change in Ai only > 4 3 0.06 
. 
1 3 
--------· 
w 
-1 4 Out of 100 Possible P~ercen t of 100 
1 5 Tota!Jt..9!J±tJntiex etlan g~~w. 6 9 j 0 . 69 
1 6 t;otal # -of (-) index changes 1 0.01 
. 
Table 4 
14 
A 8 c D E F G H I 
1 %t~Ci ... Pre Ci % Chanae Frequency %l1Ai+Pre Ai % Chanqe Freauency 
2 179 .37 -1 to -iS% 5 328 .:i7 -1-25% 8 
3 122 .00 0 to +15% 4 191 .00 0-24% 21 
4 116.96 16-30% 1 1 184 .62 --z!J-49% 7 
5 97.30 31-45% 9 103.82 50-74% 9 
b ~£. 1 I 4b-bU% 6 80 .65 75 - 99% l 
7 90 .50 61-75% 4 73 41 ~100% 1 
8 90.40 76-90% 6 72.50 ~150% 2 
9 88.17 91 - 105% 2 72.22 ~200% 1 
1 0 87.10 106-150% 2 71.33 
1 1 77 .84 151-200% 1 66.49 
1 2 77.00 63.64 
1 3 74.25 N= 50 52 . 15 N= 50 
1 4 71.26 52.15 
1 5 70 .56 51.43 
1 6 68.05 42.17 
1 ( 0~.0/ 37.50 
1 8 55.50 33.47 
1 ~ 52.50 31.03 
2 0 51.33 27.12 
2 1 48.1 1 26 .79 
2 2 47.37 25.09 
2 ;; 44.92 22 .75 
2 4 42.40 22.45 
2 5 - 39.15 20 .00 
2 6 37.04 19.43 
2 7 36.50 18.78 
2 8 33.33 18 37 
2 9 33.18 17.95 
3 0 32.08 16 .67 
3 , 31.05 14.68 
;j it. 30 .91 12 .37 
3 3 29.39 11.43 
;; 4 2tl. 1/ 9.89 
3 5 26.18 5.88 
;; b £b. 12 !l./::1 
3 7 25 .52 4 .50 
;j ts 2<L~tl 4.D13 
3 9 23.37 3.00 
4U 23.08 2 .90 
4 1 21 .81 2 .83 
4 2 21.63 1 .29 
4 3 15.38 0.00 
4 4 5.67 -0.34 
4 5 4 .71 -4.35 
4 6 2.22 -6 .00 
47 -2. 13 -6.06 
4 B -2.43 -11.00 
4 9 -2 .91 -n.-o2 
50 -5.15 -11.32 
:> 1 -_1~.81 -22:1)2 
Table 5 
Table 5 with its respective figures 2 and 3 display tabulated and graphi-
cal representations of the percent change of the pre to post index scores for 
each subject. 
1 5 
25 
F 
r 20 
e 
q 1 5 
u 
e 1 0 
n 
c 5 
y 
0 
% Change Ai I Pre A 
Note: Only one of the 8 patients 
represented by column -1-25% showed 
a 4 point change in Ai score. 
-1- 0- 25- 50- 75- ~100 ~150 ~200 
25% 24% 49% 74% 99% % % % 
% Change 
Figure 1 
The frequency of the percentage of change in Ai scores divided by the pre-training Ai score is plotted on 
the vertical and horizontal axes respectively. 
F 
r 
e 
q 
u 
e 
n 
c 
y 
1 2 
1 0 
8 
6 
4 
2 
0 
% Change In CI/Pre C 
Note: Of the 5 patients 
represented by 
column -1to-15% 
none showed a 4 point 
change in Ci score. 
-1 to 0 to 1 6 - 3 1 - 4 6 - 6 1 - 7 6 - 9 1 - 1 0 6 - 1 5 1 -
+15 30% 45% 60%75% 90% 105 150 200 
15% % % % 
% Change 
Figure 2 
The frequency of the percentage of chang in Ci scores divided by the pre-training Ci score is plotted on the 
vertical and horizontal axes respectively. 
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Appendix 1 and 2 from the Campagna and Mjelde study 8 display the results of 
a similar study of 18 subjects completed in 1977. Tables 6 and 7 show our 
statistical comparison of the two studies . 
A B I c D E F I G 
1 Pre Ai ! Post Ai Delta Ai Pre Ci Post Ci . l Delta Ci 
2 Grant/Myers 1990 23.43 '1 29 .51 ! 6.07 22.45 31.44 f 8.99 
· ·····-
3 Campagnaltv1jelde 1977 22.28 ! 28.99 6.71 ~.g_J..~.' 32.93l 9 .69 
------···· -~-
4 I ~ T 
5 Net Difference 1 .1 5 ! 0.52 0.64 0.79 1 .49l 0.7 
Table 6 
A B c D E I F G H I J K 1:. 'M 
. 
_ JAI Pr~ Sum. AU?.o$f Sum ~ 
+ Ra1aa l Past !!=lr~seol Sum-f'~$1 Pre :sen! ' .D R~ Past PresEHl Sum Pas ' Present y 3 5 IO 9 ~ 5.:5 2.f 5.5 2 3 .5 5 to 9 0 0 __..._o _ o OJ 
~ TcYlOTn 11.1 ij , 16.6 - e a:.6 ~ iO to 14 5.5 .. 0 s.5r-· o 5.5-j 
6 '15 to 19 I 11.h 12 .27.7 20 7.7 15 to 19 5 .5 4 1 , 4 7 
6 20 to 24 , :.;~_,4 4B 6l:J. 6S• 6.9 20 to 24 i5 1 ~ -~;1 18 1 ~J 
· 25 to~~ . 7 25 lO 29 I 27 a l ·6• aa 9 !!4 4.9 3 91 26 s·{f 4 4 6l 
~~J0.34. 1 1 1 1 1 6 100 100 0 l30 !c 34. .114 sl 40 94.5 84 11 
9 ' :3Ji.+ • 0 0 Hio 100 0 35+ 5.S! t 6 1 oo ~0~--o<J 
1 [l I ~·--· ··~ · I ' ~ ~ ·t --- -~ ··~1m~~ 1 '1 J! 
' 1 2 tX= 1.479 )(., ~. 48 
i 3 
- " 
""~"'· 
1 4 
1 5 
-
-~·-
- ·- r---1 6 1 
17 
·sum--+ ---f- ·-· 1 8 C~ Pore 1 .. .sum 
'1 9 IRaflge Pasr Present E;um Past ,-erus~nt D iA~ Past I Presen .Sum Pas Pre."S~nl 0 
20 15 to 9 5.S -~·5 0 5.61 5l09 0 0 ~~ 0 0 iT 'ffi"i0i4 . 0 6 1 5.5 6 0.5 fo ·,o 14 '0' 0 0 -~-0 -o 
.. 
H5 to 19 ,_.k?_.2 20 2'7. 7 26 1.7 15 :o 19 Q.~- 0 o, 0 ~ 22. 2 3 20 to ~24 27.8 313 5 5 .5 S4 8 .5 lioi0"24 o e 0 a 
2~ 25 to 2'9 · 33.4 32 ea.9 96 7.1 l25 to .. 2il .. 11. 1 2.8 t 1 1 36 ~i sl 
2 S so to :34 ij 1 1 . 1 4 .. t.s.g 100 0 !SO to 34 . S6.7 :38 n .a 74 ~L~f 26 s!r~ .. 0 () 100 .......... 1 00 . 0 1.35;~ 22.2 26 1 o·o 100 
2 7 
-
"· I , . j 2 8 
2 9 ill-= 1 44:.S :;:- 1 ~.~,0. ~~- r--· I 
-· - 1 3 0 __ ....._ _ _ ....,.......! 
Table 7 
1 7 
DISCUSSION 
The original purpose of this project was to determine what, if any, 
change occurred following VT at PUCO with the Normative Case Analysis 
Program. It has been well demonstrated that the patients' accommodative 
and convergence index scores did significantly change in the direction of 
improved performance. In fact, the mean magnitude of the change for Ai= 6.07 
and the Ci= 8.99 thus indicating that the change exceeded the minimum 
change of 4 points for individual subjects that would have been expected 
based upon chance fluctuations only. The data further shows that 90% (45 out 
of 50) exhibited index score changes of greater than 4 points. If the Chi-
square test is applied to this data, it further illustrates that this occurrence 
could only happen by chance approximately 1 time in 10,000 trials. Forty-
eight percent of the patients showed a significant increase in both the Ai 
and Ci scores. However, in the other 42 percent that showed an increase in 
only a single index score this increase was overwhelmingly in favor of the Ci 
finding by a ratio of 6 to 1. 
In 1977 Campagna and Mjelde did a similar study involving 18 PUCO VT 
patients. A high degree of similarity was found by comparing the mean val-
ues of their pre and post Ai/Ci scores and Delta difference scores to our 
means (see table Compare 1977 to 1990). The table shows that the differ-
ence in the means ranged from 0.52 to 1.49. A Kolmogorov-Smirnov (K-S) 
was run to determine the goodness of fit of the distribution of both sets of 
data (see table K-S) . We found that for the Ai and Ci pre scores no signifi-
cant difference was evident (x2Ai pre = 1.4792, x2.Ci pre = 1.445). However, 
the post Ai and Ci scores showed a greater difference than the pre (x2Ai post 
= 6.48, x2Ci post = 12.4002). The K-S tells us that there is a difference in 
the distribution here but it does not tell us specifically what that difference 
is . By inspection, the difference is not in the means. The variance is 
different shown by an F-test at the p=.05 level. 
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APPENDIX 
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25 
Ta ble IV ~ cc ommod a tive and Con ver ge nce Score s of Pre and Post 
Vis ua l Tr a ining 
Mean and Standard Deviation 
Initial Final 
n = 18 n = 18 
X = 23.24 - x-- 32.93 
s = 6.65 s = 2. 88 
n = 18 n = 18 
X = 22.28 X = 28.99 
s = 6.31 s = 5.96 
t test-, for difference F test for difference 
in means in var1ances 
Accommodative n = 18 n ::: 18 s I df 17 
X = 22.28 X = 28.99 (" .JF df 17 
t = 5.174 F = .569 
· : oo5 critical level = 2.898 .01 critical level =3.24 
Convergence n = 18 n ::: 18 SI df 17 
X = 23.24 X = 32. 93 (" '-'F df 17 
t = 5.56 F = 1.118 
~005 critical level = 2. 898 .Ol critical level =3.24 
I 2G 
Table V -- fre and Post Visual Training Results 
Subject Accommodative Scores Convergence .Scores 
Before After L.J Before After ll 
l . 7 .o 25.0 18 15.0 27.7 12.7 
2 20.0 18.9 -1.1 6.7 34.3 27.6 
3 32.5 40.0 7-5 28.2 32.7 4.5 
4 21.1 27.8 6.7 26.8 32.7 5.1 
5 26.7 25.6 -1.1 23.2 32.0 8.8 
6 25.4 32.3 6.9 25.8 36.8 11.0 
7 24.6 32-3 7.7 17.6 35-7 13.1 
8 26.9 33.1 6.2 22.4 30.5 8.1 
9 22.3 33.1 10.8 25.0 33.0 8.0 
10 23.3 30.0 6.7 26.4 34.3 7.9 
11 23.8 27.5 3-7 34.5 34.5 0 
12 18.5 25.0 6.5 34.2 25.8 -8.4 
13 19.2 29.2 10.0 22.8 32.9 10.1 
14 13.8 33.1 • 19.3 19.4 33.8 14.4 
15 25.0 29.1 4.1 17.8 32.7 14.9 
16 30.0 31.7 1.7 27.7 36.2 8.5 
17 27.7 34.2 6.5 23.7 36.3 12.6 
18 13.3 14.0 .7 21.05 30-9 9.85 
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